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There Are Four Phyla of Deuterostomes. 
Vertebrates are in the phylum Chordata.
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Four Key Features Distinguish Chordates

ÅNotochord

ÅDorsal, hollow nerve cord parallel to the notochord

ÅPharyngeal slits (or pouches) in most chordate embryos,

ÅPostanal tail: A muscular tail extends past the anus in all chordate embryos.
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Evolution that took place Among Chordates are

ÅThe four distinguishing characters of vertebrates are cranium, vertebrae, bone 
& neural crest cells

ÅPresence of Cranium: Hagfishes and vertebrates form two clades of craniates, 
animals that have a cranium that surrounds and protects the brain.

ÅVertebrae: Vertebrae are a series of small bone or cartilage structures that 
make up the vertebral column, or backbone. Vertebrae protect the spinal cord 
and provide attachment points for muscles, giving the animal a greater range 
of movement.

ÅJaws : Jaws are the bones that frame the entrance to the mouth.

ÅThus this led to birth of vertebrates
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The evolution of vertebrates from an invertebrate chordate (Cephalochordates & 
Urochordates) ancestor was marked by the emergence of neural crest, bone, and other 
typically vertebrate traits.

What genetic changes were responsible for these remarkable developments?

Biologists now hypothesize that an increase in the number of homeoboxτstructure 
determiningτgenes may have made  the development of more complex anatomy possible. 

Animal groups with the simplest structure, such as cnidarians,
have two Hox genes. Those with more complex anatomy, such as
insects, have 10. Chordates have as many as 13 or 14. Thus, lineages with many Hox genes 
generally have more complex anatomy than do those with fewer Hox genes.
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Tetrapods: Origin of the Limb

ÅAlthough coelacanths and lungfishes represent 
independent lineages, they are sometimes grouped 
together in a grade called lobe-finned fishes. 

ÅThe first vertebrates that had limbs and were capable of 
moving on land date to about 365 million years ago, late 
in the Devonian. These were the first of the tetrapodsτ
animals with four limbs.
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Cause of transition to land
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key challenges faced by vertebrates when 
they moved on to land ?

Åair breathing

Åweight & locomotion support

Ånew way of feeding

Åsensing of prey & predators

Åsensing of water balance 

Åreproduction 
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Â 1. Legs. Frogs and most salamanders have four legs and can
move about on land quite well.

Â 2. Lungs. Most amphibians possess a pair of lungs, Amphibians breathe 
by lowering the floor of the mouth to suck in air, then raising
it back to force the air down into the lungs.

Â 3. Cutaneous respiration. Frogs, salamanders, and caecilians
all supplement the use of lungs by respiring through their skin

Â 4. Pulmonary veins. After blood is pumped through the lungs,

two large veins called pulmonary veins return the aerated
blood to the heart for repumping.

Â 5. Partially divided heart. The blood circulation is thus divided into two 
separate paths: pulmonary and systemic.

Living Amphibians Have Five
Distinguishing Features





Early tetrapodomorphs 
Tetrapodomorphs includes all taxa that are more closely related to modern amphibians, reptiles,
and mammals than to lungfish

Eusthenopteron: 

ÅIt was a large sized (up to 1.8 m) predatory fish that inhabited shallow marine or 
estuarine waters in the Late Devonian (385-380 million years ago). 

ÅEusthenopteronis notable because its teeth have extensive folding of enamel 
(labyrinthodontdentition) like those of other early tetrapods. 

ÅMore important, its pectoral and pelvic fins contain bones homologous to the 
radius,ulna, tibia, and fibula of modern tetrapods.

ÅEusthenopteronwas probably fully aquatic
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Early tetrapodomorphs

Panderichthys: 

ÅIt was a was contemporaneous fish in Late Devonian (-385 mya)  with Eusthenopteron
and displayed more tetrapod-like features

ÅIts body was dorsolaterallyflattened and lacked dorsal and anal fins, and the tail fin was 
greatly reduced. 

ÅIts pectoral girdle was more robust than that of Eusthenopteron, and Panderichthysmay 
have walked on the bottom of shallow water bodies.

ÅIts eyes were located dorsally on a rather crocodile-like skull, and Panderichthysmay 
have foraged at the water surface. 

Åthe middle-ear archlectureof Panderichthysshows modifications that may represent 
the early transition to a tetrapod-like middle ear 
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Early tetrapodomorphs

Tiktaalik : 

ÅThis fish showed  the transition from water to land in early tetrapodomorphs.

ÅAlthough distinctly a fish that inhabited shallow water bodies, Tiktaalikpossessed a 
suite of morphological characters that represents a transitional stage between aquatic 
and terrestrial modes of living.

ÅTiktaaliklacks the bony sheath (operculum) that covers the gills in other fish.rfbis
change is functionally important because loss of the operculum eliminates the rigid 
connection between the body and head, creating a flexible neck. Thus, Tiktaalikcould 
probably raise its head out of the water and turn it from side to side. 

ÅPerhaps more important, the pectoral and pelvic girdles were stronger than those of 
other tetrapodomorphfish, thus allowing Tiktaalikto prop itself up on its fins, use them 
for aquatic propulsion, and maybe even make brief terrestrial forays along the water's 
edge 
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Early tetrapods : is containingthe ancestorof Acanthostegaand all descendantsof this

common ancestor: modern-day amphibians,reptiles, and mammals, including extinct lineagessuch as

Ichthyostega.
Acanthostega and Ichthyostega  : 

ÅThese animals that lived during the Late Devonian (-365 mya), were far more like our own 
terrestrially adapted skeletons than the skeletons of fish. 

ÅThey had well-developed pectoral and pelvic girdles and distinct neck regions that 
allowed movement of the head independent of the trunk.

ÅThey also possessed limbs with bony digitsτseven on the hindlimb of Ichthyostega (the 
forelimb of Ichthyostega is unknown) and eight on both the forelimb and hindlimb of 
Acanthostega.

ÅIchthyostega had add ional skeletal modifications that suggest partially terrestrial 
habits. For example, the pectoral and pelvic girdles of Ichthyostega were far more robust 
than those of Acanthostega, the elbow was bendable, the vertebral column was 
reinforced by strong connections between vertebrae (zygopophyses), and the ribs were 
expanded and overlapping, thereby forming a distinct rib cage.
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Early tetrapods : is containingthe ancestorof Acanthostegaand all descendantsof this

common ancestor: modern-day amphibians,reptiles, and mammals, including extinct lineagessuch as

Ichthyostega.
Acanthostega and Ichthyostega  : 

ÅAll of these features suggest that Ichthyostega could drag self out of the water with its 
forelimbs (the hindlimbs were smaller and more paddlelike) and support its weight in 
terrestrial environments, although it not possible to know how long it could remain out of 
the water. 

ÅLike lungfish today; these genera probably had lungs, but they also retained fishlike 
internal gills and were primarily aquatic.

ÅIn summary, a 20-million-year time span in the Late Devonian saw a dramatic transition 
from fully aquatic fish to animals with structures found in all tetrapods today. Although 
these features initially evolved in response to selective pressures specific to inhabing 
shallow water bodies, they provided the basic building blocks that eventually allowed 
tetrapods to invade and diversify on land. 
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Reconstructed skeletons and limbs of extinct
tetrapodomorphs and tetrapods. 
The reconstructed dorsal view of the forelimb of 
each species is shown, except for Ichthyostega 
(E), whose hindlimb is shown (the forelimb is 
unknown for this genus). Homologous bones are 
color-coded. 
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅMost amphibiansof the Paleozoicand earlyMesozoiccanbe categorizedinto three

majorclades,the Temnospondyli,the Seymouriamorpha, andthe Lepospondyli.

ÅThe more than 300 speciesof temnospondyls were medium to large (1ς6 m)
salamander-like tetrapodsliving in streams,lakes,and swamps. Most were aquatic,
but somebecamemore or lessterrestrial. Theyappearedin EarlyCarboniferousand
flourishedduringthe Carboniferous,Permian,andTriassic.

Å A few survived into the Cretaceous. By the Late Permian, most terrestrial
temnospondyls had disappeared,but semiaquatic and aquatic temnospondyls
continuedto diversify.

ÅA Permiantemnospondyl,Prionosuchus, lookedlike a giant salamanderwith a long,
gavial-like snout,andwasthe largestamphibianeverdescribed,reaching9 m in total
length. Others,suchas the eryopoidsincludedaquatic to terrestrial, small to large
amphibians.

ÅTheheavybodiedEryopsis characteristicof this group,althoughit waslarger(nearly
2 m TL/total length)than mosteryopoids.
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EarlyAmphibians
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅDevelopmentwas gradual in temnospondyls,with no indication of the kinds of

transformations seen in modern amphibians. Modern amphibians(Lissamphibia)
likelyhavetheir originswithin the Temnospondyli.

ÅThelessdiverseseymouriamorphswere representedby the aquaticdiscosauriscids
and the terrestrial seymouriids. Discosauridswere newt-like and are known only
from either larvalformsor neotenicforms.

ÅRoundedscalescoveredthe body. Theyalsohadlateral line systems. Seymouriidsare
representedby the genusSeymouria, containingthree species. Thesewere stocky
reptilomorphs with large heads, well-developed jaws, robust bodies, and strong
limbs. Theywere terrestrial, but likely returned to water to breed. Larvaeare not
knownfor seymouriids.

ÅSeymouriamorphsappearedin the early Permianand persistedthrough nearly the
entire Permian. No evidence exists for either metamorphosis or neoteny in
seymouriamorphs.
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅThe Lepospondyli contains four clades, Microsauria, Nectridia, Aistopoda, and

Lysorophia. Lepospondylsvariedconsiderablyin morphology.

ÅSomewere salamanderlike,somewere flat with large,triangular-shapedheads,and
some were even limbless. Most specieswere small (5ς10 cm). Theywere present
from the Carboniferousthroughthe Permian.

ÅThemicrosaurswere small(most<50 cm TL),salamander-like tetrapods. Microsaurs
were the most diverse among lepospondyls,and they varied considerably in
morphology. Somespecieshad long, thin bodies,whereasothers were rather short
andstout. All microsaurshadshort legsandshort tails. Somelivedon dry land,some
burrowed,andothersretaineda larval-type morphologywith externalgills,andthey
presumablywere aquatic.

ÅThesewere heavily ossified amphibians,with ossificationoccurring early during
development. Consequently,even though they resembledsalamanders,their life
historieswere quite different, with metamorphosisunlikely. Theyare known from
the LateCarboniferousthroughthe EarlyPermian.
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅNectrideanswere small to medium sized,newt-like amphibians,all lessthan 0.5 m

TL. Theheadsof some,suchasDiplocaulus, were arrow-shapedwith large,laterally
projectinghorns. Thisheadshapeappearsto facilitate rapid openingof the mouth
for suction-gape feeding. Diplocaulushad a biphasic lifestyle (larva and adult
morphs),but morphologicalchangesthat occurredwere most likely associatedwith
changesin the modeof feeding,not a shift from aquaticto terrestrial life.

ÅOther nectrideanshad more typicallyshapedheadswith strongdentition for snap-
and-graspfeeding. Presumably, they werepredominantlyaquaticandsemiaquatic.

ÅAistopods were delicate eel-like, limbless amphibians that persisted from the
Carboniferousthrough the EarlyPermian. Somewere very small (5 cm) and others
were moderately large (70 cm). Presumablythey were aquatic and semiaquatic
becausethey had fragile skullsunlike those of burrowing animals. Ophiderpeton,
whichreached70cm,fed on smallinvertebrates,primarilywormsandarthropods.
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅLysorophianswere similar to aistopodsin that they were eel or snake-like. Thisis a

low diversitygroup,with only about five generain a singlefamily, the Cocytinidae.
Limbsare extremelysmall or absent. Theywere aquatic,and occurredduring the
CarboniferousandPermian.

ÅAt the PermianςTriassicboundary,about 252Ma (million yearsbefore present),the
greatest extinction event in the history of the Earth occurred. Nearly 70% of
terrestrial speciesand 96%of marinespeciesdisappeared. Thisincludedmore than
80%of all knowngeneradisappearingandnearly60%of knownfamilies.

ÅFollowingthe Great Extinction,reptiles and synapsidshad become the dominant
terrestrialvertebratesby the Triassic.

ÅIn contrast,amphibiansexperienceda minor diversityexplosionwith the appearance
of at least sevendifferent groupsof presumedtemnospondyls,including the first
lissamphibian.

ÅThe radiation included small to large temnospondylswith severalgroups having
species in the 1.5ς3 m range (e.g., capitosauroids, chigutisauroids, and
metoposaurids)and some mastodonsauridsto 6 m TL. All large speciesappear to
havebeenhighlyaquatic,andmosthadcrocodile-like bodyforms
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Amphibians of the Late Paleozoic
and Early Mesozoic
ÅThemastodonsauridswere a shortlivedgroupfoundonly in LowerTriassicsediments

of northern Eurasia. The 2 m (TL)trematosaurswere another Lower Triassictaxon
with triangularto gharial-likeheads; somewere marine,ananomalyfor amphibians.

ÅThree temnospondyl groups (brachyopoids, capitosauroids, and plagiosaurids)
occurredthroughout the Triassic.
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Three Hypotheses for the Origin of Living Amphibians

Extant amphibians (caecilians, frogs, and salamanders) form a 
clade named Lissamphibia: 

ÅThe origin of Lissamphibiahas been debated for decades and continues to produce 
copious literature. 

ÅThe debate centers around whether caecilians, frogs, and salamanders are derived from 
one or both of two early tetrapod lineages, temnospondylsand lepospondyls

ÅA. The temnospondylhypothesis

ÅB. The lepospondylhypothesis

ÅC. The diphylyhypothesis
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(A) The temnospondyl hypothesis postulates that modern amphibiansτsalamanders, 
frogs, and caeciliansτform the clade Lissamphibia and are
derived from temnospondyl amphibian ancestors, most likely the Dissorophoidea. 
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The temnospondyl hypothesis

ÅThe most widely accepted hypothesis for the origin of extant amphibians is that they 
form a clade (Lissamphibia) and are derived from temnospondyl ancestors, specifically 
the Dissorophoidea. 

Å¢ŜƳƴƻǎǇƻƴŘȅƭǎ όŦǊƻƳ ǘƘŜ DǊŜŜƪ ǘŜƳƴΣ ϦŎǳǘέ Ҍ ǎǇƻƴŘȅƭΣ ϦǾŜǊǘŜōǊŀϦύ ŀǊŜ ǎƻ ƴŀƳŜŘ 
because the centrum (body) of their vertebrae consists of two distinct regions that 
surround the notochord. The intercentrum is a wedge-shaped ventral structure, and the 
pleurocentra are two wedge-shaped dorsal structures.

ÅTemnospondyls are represented by almost 200 genera from the Early Carboniferous to 
the Middle Cretaceous (-330-130 mya). 

ÅThey ranged in length from a few centimeters to a few meters. Many species were 
crocodile-like, with large, flat skulls and dorsally positioned eyes. Mastodonsaurus, 
which grew to 6 m and had two massive fangs on the mandible, is an extreme example 
of this phenotype. 

ÅThe teeth of temnospondyls are labyrinthodont, a condition seen in other 
tetrapodomorphs (e.g., Eusthenopteron). Temnospondyls inhabited both freshwater 
and marine habitats. 
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The temnospondyl hypothesis

ÅNumerous characters support a temnospondyl origin of Lissamphibia. Both groups 
have, among other characters, pedicellate teeth, wide openings in the palate that 
permit retraction of the eye into the skull, two occipital condyles on the skull that 
articulate with the first cervical vertebra (the atlas), and short ribs.

ÅIn Pedicellate teeth, the tooth crown sits on a base (pedicel); the two elements are 
separated by a fibrous connection. The teeth are bicuspid, with one cusp (point) on the 
lingual (inner) side of the jaw and a second on the labial (outer) side.
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(B) The lepospondyl hypothesis states that Lissamphibia is derived from lepospondyl 
amphibian ancestors, most likely "microsaurs." 
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EarlyAmphibians
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The lepospondyl hypothesis

ÅSome phylogenetic studies support the origin of a monophyletic Lissamphibia within 
lepospondyls, usually within a paraphyletic ( a group of organisms descended from a 
common evolutionary ancestor or ancestral group, but not including all the descendant 
ƎǊƻǳǇǎύ ŀǎǎŜƳōƭŀƎŜ ƻŦ ǎƳŀƭƭΣ ƭƛȊŀǊŘƭƛƪŜ ŀƴƛƳŀƭǎ ŎŀƭƭŜŘ άƳƛŎǊƻǎŀǳǊǎέ 

ÅUnlike the divided three-part vertebrae of temnospondyls, the vertebrae of  
lepospondyls consist only of a centrum (derived from the pleurocentrum) fused with 
the neural arch into a single unit. 

Å Lepospondyls comprise about 60 genera from the Early Carboniferous to the Early 
Permian (-340-275 mya). 

ÅAistopods and lysorophids were nearly or entirely limbless, nectrideans were aquatic 
with strongly compressed tails, and "microsaurs" had a variety of body forms. In 
contrast to many temnospondyls, lepospondyls were small animals with skulls typically 
no longer than 5 cm 
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The lepospondyl hypothesis

ÅHowever, one of themτDiplocaulusτis famous for its large (-35 cm) boomerang-
shaped head and large body (up to 1.5 m). Probably a flap of skin extended from the 
head to the sides of the body. 

ÅThis unusual structure may have been a hydrofoil to aid swimming, or a way to increase 
the surface area for cutaneous gas exchange, although these and other hypotheses, 
such as sexual selection, are not mutually exclusive.

ÅBoth lissamphibians and lepospondyls lack numerous bones of the skull, including the 
ectopterygoid and postorbital bones, as well as the cleithrum from the pectoral girdle. 

ÅThese losses may be interpreted as synapomorphies (a characteristic present in an 
ancestral species and shared exclusively (in more or less modified form) by its 
evolutionary descendants) that support inclusion of both groups in a clade. A study that 
included morphological data for both extinct and extant taxa and molecular data for 
extant taxa also supports the lepospondyl hypothesis. 
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The diphyly hypothesis
ÅThe diphyly (from the Greek di, "two") hypothesis of lissamphibian origin is a hybrid 

between the temnospondyl and lepospondyl hypotheses and proposes that Lissamphibia 
is not monophyletic.

Å It proposes that frogs and salamanders are derived from dissorophoid temnospondyls 
ŀƴŘ ǘƘŀǘ ŎŀŜŎƛƭƛŀƴǎ ŀǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ƭŜǇƻǎǇƻƴŘȅƭ άƳƛŎǊƻǎŀǳǊǎΣέ

ÅAn important fossil supporting the diphyly hypothesis is that of the caecilian Eocaecilia. 
Some studies have suggested that Eocaecilia, and therefore modern caecilians, are 
derived from lepospondyl ancestors

ÅHowever, a recent X-ray microtomography analysis of the skull of Eocaecilia has revealed 
additional characters that reject the diphyly hypothesis and instead support a 
monophyletic Lissamphibia derived from temnospondyls, a hypothesis also supportedby 
inner ear structure and other phylogenetic analyses. Thus, the diphyly hypothesis is not 
widely accepted.
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(C) The diphyly hypothesis states that Lissamphibia is not monophyletic and that frogs and 
salamanders are derived from temnospondyls whereas caecilians are derived from 
lepospondyls.
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The oldest known caecilian. Eocaecilia micropodia, from the Early Jurassic, 
retains ancestral characters such as limbs (A) and skull bones (B) that are not 
present in extant caecilians 



Monophyly of Lissamphibia
ÅLissamphibia (caecilians, frogs, and salamanders) is monophyletic and derived from 

temnospondyl ancestors.

ÅThe earliest fossil that can clearly be assigned to an extant lissamphibian clade is 
Triadobatrachus from the Earlyrrriassic (-245 mya;

ÅTriadobatrachus was thus an early ancestor  of frogs (although it is unclear whether 
Triadobatrachus had the ability to jump.
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Monophyly of Lissamphibia
ÅNumerous morphological synapomorphies support lissamphibian monophyly. The 

following characters are some of the derived features that are shared by and in many 
cases are unique to, extant amphibians:

Å1. The teeth are pedicellate and bicuspid. Each tooth crown sits on a base (pedicel), from 
which the crown is separated by a fibrous connection. Moreover, the teeth have two 
cusps, one on the lingual (inner) side of the jaw and one on the labial (outer) side. Such a 
tooth structure is unique to Lissamphibia and some temnospondyls (see Figure(.

Å2. The sound-conducting apparatus of the middle ear consists of two elements: the 
stapes (columella), which is the usual element in tetrapods, and the operculum. The 
operculum (not homologous to the operculum in fish) consists of a bony or cartilaginous 
structure that attaches to the ear capsule and is connected to the suprascapula via the 
opercular muscle (see Figure).

Å3. Functionally; this allows ground vibrations to be transmitted from the forelimb to the 
inner ear.Inside the inner ear are two sensory epithelial patches (not shown), the papilla 
basilaris, found in other tetrapods, and the papilla amphibiorum, unique to 
lissamphibians. 
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Monophyly of Lissamphibia
Å4. The papilla basilaris receives relatively high-frequency sound input via the stapes. The 

papilla amphibiorum receives relatively low-frequency input via the opercular apparatus. 
The opercular apparatus is lost in caecilians, perhaps as a result of limb loss, and is 
reduced in salamanders by the loss of one or more components in various groups.
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Monophyly of Lissamphibia
Å5. The stapes is directed dorsolaterally from the fenestra ovalis, a character shared by 

some of the lissamphibians' presumed Paleozoic relatives.

Å6. The fat bodies develop from the germinal ridge (which also gives rise to the gonads), a 
developmental origin unique among tetrapods.

Å7. The skin contains both mucus and poison (granular) glands that are broadly similar in 
structure.

Å8. Specialized receptor cells in the retina of the eye, called green rods, are present in 
frogs and salamanders. Caecilians apparently lack green rods, perhaps because of their 
highly reduced eyes.

Å9. A sheet of muscle, the levator bulbi muscle, lies under the eye and permits lissamphib
ns to elevate the eye.

Å10. All extant amphibians employ cutaneous and buccopharyngeal respiration.

Å11. The ribs are short, straight, and do not encircle the body. The ribs of Paleozoic stem 
tetrapods (other than some temnospondyls) are long, robust, and encircle the viscera.
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Monophyly of Lissamphibia
Å12. Two occipital condyles at the base of the skull articulate with two cotyles on the first 

cervical vertebra (the atlas). Most other extant tetrapods have a single occipital condyle, 
but two condyles are found in some temnospondyls.

Å13. The radius and ulna articulate with a single structure on the humerus called a radial 
condyle. This character has been lost in caecilians, which are limbless.

Å14. Lissamphibians share similar reductions in skull bones and fenestration patterns 
compared with Paleozoic tetrapods. These shared derived characters include loss of the 
supratemporals, intertemporals, tabular, postparietals, jugals, and postorbitals. 

Å15. Other elements, such as the pterygoid and parasphenoid bones in the palate, are 
reduced, producing a similar configuration of bones among the three modern amphibian 
groups.

Å16. Nonetheless, the skull morphology of caecilians is highly unusual compared with that 
of frogs and salamanders, reflecting the caecilians' very different life history.
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Monophyly of Lissamphibia
ÅSome of these characters (e.g., characters 6 - 10) are difficult or impossible to evaluate in 

extinct taxa because soft anatomy is rarely preserved in fossils.

ÅMoreover, not all of these characters are unique to Lissamphibia. Nonetheless, the 
preponderance of morphological evidence supports lissamphibian monophyly.

ÅAlthough molecular studies cannot sample extinct taxa, no recent molecular 
phylogenetic analyses reject lissamphibian monophyly. 

ÅIn summary, the most comprehensive molecular and morphological analyses support the 
hypothesis that salamanders and frogs are more closely related to one another than to 
caecilians.
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Keyfossilslinkingfishes& landvertebrates
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Example of Temnospondyli
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Example of Temnospondyli
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Example of Temnospondyli
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Example of Microsaurs (Lepospondyli)
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Seymouria- Example of Seymourimorpha)
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Example of nectridean
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detachment of pectoral girdle from skull &
replacementof fin raysby limbs
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